Objective. To assess the intra-and interobserver reproducibility of musculoskeletal ultrasonography (US) in detecting inflammatory shoulder changes in patients with rheumatoid arthritis, and to determine the agreement between US and the Shoulder Pain and Disability Index (SPADI) and the Disabilities of the Arm, Shoulder, and Hand (DASH) questionnaire, using magnetic resonance imaging (MRI) as a gold standard. 
INTRODUCTION
Shoulder involvement is a critical issue in patients with rheumatoid arthritis (RA), with literature data reporting radiographic damage in 50% of patients after 2 years of disease to 96% of patients with 12 years of disease (1) (2) (3) (4) . Ongoing synovial inflammation is the primary causal event, resulting not only in humeral head erosions, but also in rotator cuff rupture, further compromising shoulder function. Ultrasonography (US) is an imaging modality now widely available in both scientific research and clinical rheumatology practice for visualizing joints and soft tissues in patients with rheumatic diseases. US is able to image not only the damage to cartilage and cortical bone, but also to identify and quantify tendon pathology and synovial inflammation. Despite increasing efforts on the validation and reliability of US in the evaluation of small joints of the hands and feet, evidence on intra-and inter-observer variation of larger joints is still limited (5) (6) (7) (8) (9) . Taking into account the burden of disability, functional impairment, morbidity, the irreversibility of lesions, and the sequelae of shoulder pathology for patients with RA, the Outcome Measures in Rheumatology Clinical Trials (OMERACT) subtask group on ultrasonographic examination of the shoulder previously examined patients with RA and shoulder disease in order to address the question of whether US is able to detect shoulder disease reliably as compared with magnetic resonance imaging (MRI) (10) . After review of these data, our primary goal was set on how to improve earlier findings while primarily focusing on synovitis instead of erosions.
Our secondary goal was to investigate the relationship between clinical measures and US. In RA, on an individual joint basis, there is a poor correlation between clinical signs of synovitis, i.e., joint swelling and tenderness, and US assessment of synovial disease, where US may detect more synovial hypertrophy than palpable and power Doppler US may demonstrate that not every clinically inflamed joint is necessarily hypervascular (11) . To our knowledge, these relationships have never been investigated for large joints such as the shoulder; furthermore, it has not been examined whether there is a reliable relationship between US and validated shoulder surveys for adults such as the Disabilities of the Arm, Shoulder, and Hand (DASH) instrument and the Shoulder Pain and Disability Index (SPADI) (12, 13) .
PATIENTS AND METHODS
Patient selection. Nine RA patients with clinical shoulder involvement were recruited in the outpatient rheumatology clinic of the Instituto Nacional de Rehabilitacion of Mexico City, Mexico. These patients consisted of 1 man and 8 women, with a median age of 65 years (range 55-76 years) and a median disease duration of 2 years (range 0 -15 years). During the study, all of the patients took medication, including nonsteroidal antiinflammatory drugs and a combination of the following disease-modifying antirheumatic drugs: methotrexate, sulfasalazine, and hydroxychloroquine. No patient was receiving biologic therapy. One healthy control with no shoulder symptoms was also enrolled. All of the patients had established RA according to the American College of Rheumatology (formerly the American Rheumatism Association) 1987 criteria for RA (14) . The study was conducted in accordance with the Declaration of Helsinki and was approved by the local ethic committee. All of the subjects gave informed consent.
Observers. The observers consisted of a group of 11 rheumatologists from 5 countries with variable expertise in musculoskeletal US (median experience 10 years, range 1-17 years). The observers met for 2 days to perform the investigation. The 10 persons included in the study were divided into 2 groups of 5 and were sonographically investigated by all of the observers in 2 rounds, one in the morning and one in the afternoon. The morning procedure was repeated during the afternoon session, with rearrangement of the patients in a different order. All of the observers were blinded to the clinical details and MRI results. All of the investigators met for a training session before the exercise to review the scoring method and for initial training of observers not familiar with some aspects of the scoring system. A statistician was on hand to receive the filled score sheets. The score sheets from the morning session were sealed in envelopes until the second session was concluded.
Clinical and laboratory assessment. All persons, including the healthy control, were clinimetrically evaluated by 2 rheumatologists who were blinded to the patient's details and did not participate in the US examination. The following data were recorded for each patient at study entry: age, sex, disease duration, and presence of rheumatoid factor. The clinimetric evaluation consisted of taking the Disease Activity Score in 28 joints (DAS28), a visual analog scale for pain, and determination of measures of adult shoulder function, including the DASH and SPADI instruments. The DASH contains 30 questions, of which 5 are related to symptoms and 25 are related to functional tasks. The SPADI is a questionnaire containing 5 items scoring pain on a scale of 0 -10 and 8 items related to function and disability on a scale of 0 -10. Erythrocyte sedimentation rate and C-reactive protein level were also recorded and obtained within 48 hours of the US examination. The disease activity index was estimated by calculating the DAS28 for all of the patients.
US examination of the glenohumeral joint, the subacromial/subdeltoid bursa, the biceps tendon, and the rotator cuff. All of the scans were performed using Siemens Acuson Antares (Siemens) machines with 7.5-13 MHz linear array transducers. The shoulder scoring system assessed elements of inflammation, as well as structural tendinous damage. Rotator cuff tendons were investigated for the presence of total or partial tears in a longitudinal and transverse plane on both static and dynamic maneuvers. The synovial structures of the shoulder, including the subacromial/subdeltoid bursa, the sheath of the long biceps tendon, and the axillary and posterior recess of the glenohumeral joint, were examined for the presence of effusions and synovial hypertrophy (Figures 1 and 2 ). Power Doppler assessment of selected synovial sites, including the biceps sheath, the subacromial/subdeltoid bursa, and the axillary and posterior recesses, was carried out with settings standardized to a pulse repetition frequency of 610 Hz, a Doppler frequency of 7.5 MHz, and low wall filters. The power Doppler gain was adjusted to a level just below the disappearance of artifacts under the bony cortex as recommended by Rubin et al (15) . The OMERACT US definitions for tenosynovitis, synovitis, synovial hypertrophy, and effusion were applied (16), with minor modifications: a hypoechoic area of at least 3 mm around the long head of the biceps tendon was considered as tenosynovitis of the long biceps tendon; bursal thickness Ͼ3 mm or effusion was considered as effusion/synovial hypertrophy of the subacromial/subdeltoid bursa; Ͼ3 mm of effusion/synovial hypertrophy at the posterior recess superior to the glenoid labrum was considered as synovitis; and Ͼ3 mm of effusion/synovial hypertrophy at the axillary recess was considered as synovitis. No ultrasonographic distinction was made between effusions and synovial hypertrophy, and these abnormalities were taken together for the analyses.
MRI.
Assessment of the affected shoulder by MRI took place within 15 working days prior to the US investigation in all of the patients. MRI was performed with a 1.5-T unit (Signa Excite) using a 4-channel shoulder array coil. The following sequences were used: T1-weighted spin-echo sequence (repetition time [TR] 450 msec, echo time [TE] 13.6 msec, slice thickness 3 mm, matrix 256 ϫ 192, and field of view 140 -160 mm) in an axial, transverse, and oblique coronal slice orientation parallel to the course of the supraspinatus tendon; and T2-weighted fat-suppressed images in a coronal, axial, and a sagittal plane (TR 3,000 msec, TE 36.4 msec). The MRIs were evaluated by 2 radiologists who were in consensus and had no knowledge of the results of the US. The MRIs were analyzed for the presence or absence of the same pathologic structures, e.g., fluid in synovial-covered spaces that were visualized by US. The MRI criterion for effusion was an intraarticular or intrabursal area with a high signal on T2-weighted sequences. The criterion for synovitis was enhancing material seen on the fat-suppressed T1-weighted sequences.
Statistical analysis.
Overall agreement between US and MRI, defined as the percentage of observed exact agreements, was calculated for each observer. Averaged overall agreement and the kappa index are shown. Since Cohen's kappa is artificially low in case of high or low prevalence (17) (18) (19) (20) , we have used kappa adjusted by prevalence and bias instead of the kappa standard. Furthermore, the mean positive and negative percentages of agreement were calculated.
Intraobserver reliability is presented as the overall agreement between the first and second round for each scan and the kappa adjusted by prevalence and bias. According to Landis and Koch (21) , agreement indexes were interpreted as follows: 0.81-1.00 ϭ excellent agreement, 0.61-0.80 ϭ good agreement, 0.41-0.60 ϭ moderate agreement, 0.21-0.40 ϭ fair agreement, 0 -0.20 ϭ poor agreement, and Ͻ0 ϭ no agreement.
Interobserver reliability was studied by calculating the maximum kappa, which is a modification of Cohen's kappa, wherein the maximum possible value of observed agreement is substituted for the value of 1 in the denominator of Cohen's calculation kappa (22) . The maximum kappa reported is the mean of values obtained for each pair of observers. Comparison between mean clinical values from patients with findings classified as normal or abnormal by MRI or the majority of US observers was developed with the Student's t-test. P values less than or equal to 0.05 were considered as significant. 
RESULTS
The demographic and clinical characteristics of the patients are shown in Table 1 . The pathologic shoulder findings on MRI are shown in Table 2 . In the majority of patients, a subacromial/subdeltoid bursitis or a rotator cuff tear was found. Axillary or posterior synovitis was found in only a minority of patients. One patient had a biceps tendon tear. No cases of biceps tenosynovitis were seen on MRI.
Validation. Table 2 summarizes the mean overall agreement and kappa values between MRI and US, pooling the 2 rounds. According to the kappa values, the presence or absence of axillary synovitis and biceps tendon tear was found with good agreement, fair agreement between MRI and US was found for posterior synovitis and bursitis, and moderate agreement for rotator cuff tear and poor agreement was found with respect to biceps tenosynovitis. Regarding glenohumeral joint synovitis, the mean agreement between MRI and US assessment was better for axillary synovitis (80%) than for posterior recess synovitis (66%). Table 3 lists the specificity, sensitivity, positive predictive value (PPV), and negative predictive value (NPV; if available) of the US examination for each shoulder abnormality, considering MRI findings as the gold standard.
Reproducibility. Table 4 lists the mean intraobserver agreement and the corresponding mean kappa values. The mean overall agreements for intraobserver reproducibility ranged from moderate to excellent. Excellent intraobserver agreement was observed for tears of the biceps tendon, supraspinatus and infraspinatus tendon, and power Doppler signals regarding the posterior glenohumeral joint and bursa. The mean kappa value for intraobserver reproduc- ibility for bursitis was good (0.70). The mean kappa values for glenohumeral synovitis were moderate (0.59) and good (0.62) for posterior recess and axillary recess synovitis, respectively. The mean kappa values for synovial power Doppler flow in the joint recesses varied from good to excellent, whereas that for the power Doppler flow in the bursa was excellent. According to the kappa values, the intraobserver reproducibility for rotator cuff tears varied from moderate to excellent. Table 5 lists the maximum kappa values for interobserver agreement. Increasing kappa values signify better agreement between the 11 observers. The mean interobserver kappa value for tenosynovitis of the long biceps tendon was moderate (0.46), as was the kappa value for the power Doppler signal within the tendon sheath. Mean kappa values for glenohumeral joint synovitis ranged from moderate (0.52) to excellent (0.97), with excellent interobserver mean maximum kappa values for the presence of a power Doppler signal for the posterior joint recess. The interobserver kappa for bursitis was good (0.61), with an excellent mean kappa value for power Doppler signal within the bursa. The kappa values for rotator cuff tear scored a moderate to good agreement. were only possible for the findings of rotator cuff tear and posterior synovitis. Patients with abnormal rotator cuff findings according to the majority of US observers showed significantly higher clinical values of SPADI and DASH than those classified as normal. All of the power Doppler comparisons were not significant.
Clinical evaluation.

DISCUSSION
To our knowledge, this is the first study undertaken to date that specifically focuses on validation of shoulder synovitis detected by gray-scale and power Doppler US in patients with early and established RA. We used MRI as the reference imaging technique. The results show that US can reliably assess inflammation of the subacromial/subdeltoid bursa and the glenohumeral joint. In addition, our study shows that US can reliably assess signs of rotator cuff impairment in patients with RA. Furthermore, this study indicates that clinical measures of adult shoulder function have a poor correlation with imaging modalities and, therefore, have a limited role in assessing shoulder function. These findings are in agreement with previous studies that also have demonstrated the superiority of US compared with physical examination in patients with RA and shoulder pain (23) (24) (25) .
Various studies on patients with shoulder disease in RA have demonstrated that US is comparable with MRI in being more sensitive than radiography in detecting bone erosion (26, 27) . Our first study on shoulder US confirmed the high agreement level between US and MRI for detecting erosions of the humeral head (10). However, since erosions are a relatively late sign in inflammatory joint disease, the aim of the present study was to assess the agreement of US and MRI in detecting inflammatory changes, i.e., glenohumeral joint synovitis, bursitis, and long biceps tendon sheath tenosynovitis. In studying synovitis with gray-scale US, 2 findings are of interest: detection of synovial proliferation and effusion. In addition, US has the advantage that it is able to detect the presence of hyperemia in the target area by the power Doppler mode. Although all of the inflamed structures were found more frequently by MRI than by gray-scale US, our study indicates that US is able to detect enlargement of the posterior recess and of the anterior recess with good to excellent agreement compared with MRI and with moderate to good kappa values. The overall agreements of 66% and 80% of the observations for posterior recess synovitis and axillary synovitis, respectively, also compared favorably with 64% and 31%, respectively, found in a previous study (10) . The particularly improved agreement for synovitis of the axillary recess is probably due to more rigid definitions of effusion (Ͼ3 mm) and a longer training session. The agreements for the detection of synovitis/effusion of the glenohumeral joint in 2 other studies (28, 29) varied from moderate (50%) to excellent (89%). The PPV for axillary recess synovitis and the NPV for posterior recess synovitis were also excellent (Table 3) . With regard to the subacromial/subdeltoid bursitis, there was a 64% agreement between gray-scale US and MRI, indicating a good agreement, with a fair kappa. The PPV for subacromial/subdeltoid bursitis was excellent. Adding power Doppler US to the number of cases of synovitis found on gray-scale US, intra-and interobserver agreement improved and kappa values increased (Tables 4 and 5 ). The validity of power Doppler US could not be assessed in this study because MRI has no comparable modality and we did not take histologic specimens. The agreement between US and MRI with regard to long biceps tendon sheath tenosynovitis showed the lowest kappa value, probably due to the fact that there were no cases of biceps tendon sheath tenosynovitis seen on MRI. Furthermore, the intraand interobserver agreement for the power Doppler signal in both the posterior recess and the subacromial/subdeltoid bursitis of the shoulder was excellent, suggesting that power Doppler signal may be used in multicenter studies as a parameter for active shoulder joint synovitis. Power Doppler US for synovitis of the biceps tendon sheath and the subacromial/subdeltoid bursitis showed moderate to good and good to excellent intra-and interobserver agreement, respectively.
The poor and negative mean kappa values do not necessarily denote poor agreement but may have a technical explanation. When the prevalence of an abnormality in one item is close to 0 or 1, the agreement by chance is very high in such a way that the kappa, which represents the agreement exceeding the agreement by chance, may become artificially low or even negative. Since it is impossible to know in advance the prevalence of abnormalities in each structure examined, especially in small sample sizes as used in reliability studies, prevalence biases cannot be ruled out by study design. Therefore, statistics alternative to the conventional Cohen's kappa have been used in order to minimize the effect of prevalence and biases (18, 22) . Agreement for rotator cuff tear was good to excellent, confirming earlier studies (30, 31) . There was also a good agreement between both adult shoulder function tests and US for the presence of rotator cuff tear, whereas all of the other associations were not significant (Table 6 ). This suggests that the DASH and SPADI cannot be used to diagnose shoulder synovitis in RA.
Overall, the lowest agreements between US and MRI were found for gray-scale US of the long biceps tenosynovitis and bursitis of the subacromial/subdeltoid bursa. The lower agreement values could have been due to several reasons. Although biceps tendon sheath tenosynovitis is said to be present in a large percentage of patients with RA in one study, this could not be confirmed (32) . One of the possible reasons may be that the cutoff value for a fluid rim around the biceps tendon sheath of 3 mm is too high and should be set at a lower level. Since no images were stored for reasons of time management, this presumption could not be checked. Some investigators were not familiar with the equipment and the scanner settings. The level of experience was also different for each sonographer. Perhaps a 10-minute investigation was for some investigators too short to perform a thorough examination. Three other elements of which the impact is unknown are the effect of the subsequent maneuvers on the localization of joint fluid; the difference in positioning of the patient during the MRI examination compared with the US examination, i.e., supine versus upright; and the lapse of a couple of days between the MRI and US examination.
In summary, this study shows that US is reliable in detecting synovitis of the axillary and posterior recess of the glenohumeral joint and subdeltoid/subacromial bursitis. We were able to detect these changes with a moderate to good interobserver reproducibility and similar intraobserver reproducibility. This implies that US can be launched in longitudinal shoulder studies by either an individual reader or multiple readers, although more studies are warranted for improvement of diagnosing long biceps tendon sheath tenosynovitis. We were not able to show a significant association between adult shoulder function tests and shoulder synovitis found on US or MRI. We recommend not only more standardization of the scanning technique, but also consistent criteria for diagnostic interpretation, especially of long biceps tendon sheath tenosynovitis.
